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(Title of the Invention) 

ALUMINUM NITRIDE JOINED BODY AND METHOD 
OF PRODUCING THE SAME 
(Technical Field) 

The present invention relates to an aluminum 
nitride joined' body useful as a plate heater or as an 
electrostatic chuck for treating a semiconductor wafer 
plated thereon in an apparatus for producing a 
semiconductor. More specif ically, the invention 
relates an aluminum nitride joined body having a joined 
structure in which two pieces of aluminum nitride 
sintered plates are joined together with a metal layer 
sandwiched therebetween, enabling the semiconductor 
wafer to be uniformly treated and exhibiting good 
durability. 
(Background Art) 

A ceramic plate-like sintered body having a metal 
layer buried therein to work as a heater or an 
electrode, has been used as a plate for placing a 
semiconductor wafer such as silicon wafer thereon in an 
apparatus for producing a semiconductor by forming a 
film on the semiconductor wafer or etching the 
semiconductor wafer. For example, the one burying a 
metal layer therein as a heater is used as a plate 
heater, and the one burying an electrode therein is 
used as an electrostatic chuck. The electrostatic 
chuck further often has a metal layer buried therein to 
work as an electrode and as a heater. 

As a ceramic material for use in the above 
applications in recent years, there has been used an 
aluminum nitride sintered body having a good thermal 
conductivity. 

Due to an increased degree of integration as a 
result of technical innovation in recent years, 
further, it has been urged to further increase the 



2 



precision. Besides, semiconductor wafers to be treated 
are becoming large in size. In a treatment for forming 
a film on the surface, for instance, it has been urged 
to form a uniform and thin film on the surface of the 
5 semiconductor wafer having a large area maintaining 

good precision. In the etching treatment, further, it 
has been urged to uniformly etch a variety of thin 
films having large areas formed on the semiconductor 
wafer. 

10 In a plate-like sintered body of aluminum nitride 

used as the plate heater or the electrostatic chuck 
under the above circumstances, it is essential that the 
metal layer that is buried exists maintaining a uniform 
thickness from the semiconductor wafer placed on the 

15 sintered body. 

To produce the plate-like sintered body of 
aluminum nitride burying the metal layer therein, there 
can be contrived a method of preparing a green sheet of 
aluminum nitride burying the metal layer therein, and 

20 firing the green sheet. According to this method, 
however, there remains a problem in that the metal 
layer is broken or deformed due to a change in the size 
during the sintering. Generally, therefore, a sintered 
body in the form of a plate or a sheet is prepared, and 

25 two sintered bodies are joined together via a metal 
layer. That is, the plate-like sintered body of 
aluminum nitride obtained by this method is in the form 
of a joined body in which two pieces of aluminum 
nitride sintered plates are joined together with a 

30 metal layer sandwiched therebetween effectively 

avoiding the above-mentioned problem caused by the 
dimensional change during the sintering. 

When the aluminum nitride joined body is to be 
produced by the junction method, there is used an 

35 adhesive for joining the two pieces of sintered body 
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plates. With the plate adhesive used so far, however, 
the adhering temperature is so high that the sintered 
body plates are deformed due to the heat at the time of 
junction arousing a problem of warping of the metal 
5 layer. 

Therefore, a method has been proposed to improve 
the warping by using an adhesive which adheres at a 
decreased temperature (see Japanese Unexamined Patent 
Publication (Kokai) No. 2000-252045) . 

10 The above method improves the warping of the metal 

layer in the joined body to some extent still leaving, 
however, room for improvement. Besides, though the 
junction strength is maintained to a sufficient degree 
between the aluminum nitride layer and the metal layer, 

15 a problem still remains in that the junction strength 
decreases with the passage of time due to thermal 
hysteresis in the portions where the aluminum nitride 
sintered plates are directly faced to each other. 
(Disclosure of the Invention) 

20 It is therefore an object of the present invention 

to obtain an aluminum nitride joined body in which two 
pieces aluminum nitride sintered body plates are joined 
together with a metal layer sandwiched therebetween, 
featuring a high junction strength suppressing the 

25 warping of the metal layer therein to a very small 
degree . 

The present inventors have conducted keen study in 
order to solve the above problems. As a result, the 
inventors have succeeded in obtaining an aluminum 

30 nitride joined body by joining aluminum nitride 

sintered body plates by heating in two steps while 
controlling the temperature under the application of a 
particular pressure without using adhesive, maintaining 
a high junction strength suppressing the warping of the 

35 metal layer therein to a very small degree. The 
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inventors have further analyzed the joined body 
obtained by the above method, have discovered that fine 
voids are characteristically remaining in the junction 
surface of the aluminum nitride sintered bodies 
stemming from the above method, and have finished the 
invention. 

Namely, according to the present invention, there 
is provided an aluminum nitride joined body 
(hereinafter also referred to as A1N plate-like joined 
body) comprising two pieces of aluminum nitride 
sintered body plates joined together without using 
adhesive, and a metal layer formed on a portion of the 
junction interface thereof, wherein, as viewed on a 
side section passing through the center of the joined 
body, a plurality of voids are existing in the directly 
joined region where the sintered body plates are 
directly facing each other on the junction interface, 
the voids having an average length L of 0.5 to 4 p 
along the junction interface, thereby forming non- 
joined portions due to the voids, and a non-joined 
ratio Q on the side section as calculated by the 
following formula (1), 

Non-joined ratio Q = (X/Y) x 100 (1) 

where X is a length of the non-joined portion in 

the direction of junction interface expressed by 
the sum of lengths L of the voids existing in the 
directly joined region, and Y is a length of the 
directly joined region where the voids are 
existing, 

is in a range of from 0.1 to 0.5% on average. 

According to the present invention, there is 
further provided a method of producing an aluminum 
nitride joined body comprising the steps of: 

preparing two aluminum nitride sintered body 
plates ; 
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forming a metal layer of a thickness of not larger 
than 20 |im on a portion of the surface of the one 
aluminum nitride sintered body plate; 

forming a laminate by overlapping the other 
5 aluminum nitride sintered body plate on the one 

aluminum nitride sintered body plate in a manner that 
said metal layer is sandwiched therebetween; 

heating said laminate at a temperature of 1650 to 
1700 °C under a pressure of 5 to 100 kg/cm 2 for 0.5 to 4 
10 hours; and 

heating said laminate at a temperature of higher 
than 1700 °C but not higher than 1800 °C while continuing 
the compression with said pressure for 2 to 8 hours. 

Owing to the structure of the characteristic 
15 junction interface formed by the above particular 

joining method, the A1N plate-like joined body of the 
invention features a greatly suppressed warping of the 
metal layer making it possible to form a uniform 
electric field on any place of the metal layer when the 
20 electric field is established in the dielectric by 
applying a voltage to the metal layer. 

Further, the junction without using adhesive 
features durability against the thermal hysteresis, and 
a highly reliable operation can be expected. 
25 The A1N plate-like joined body of the invention 

can be very effectively used as an electrostatic chuck 
and a plate heater in the apparatus for producing a 
semiconductor . 

(Brief Description of the Drawings) 
30 Fig. 1 is a perspective view illustrating, partly 

in a cut-away manner, a representative embodiment of an 

A1N plate-like joined body of the present invention; 

Fig. 2 is a view illustrating a major portion on a 

side section passing through the center O of the A1N 
35 plate-like joined body of Fig. 1; and 
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Fig. 3 is a view schematically illustrating the 
. warping of a metal layer occurring in the A1N plate- 
like joined body. 

(Best Mode for Carrying Out the Invention) 
5 The invention will now be described in detail in 

conjunction with the accompanying drawings to which 
only, however, the invention is in no way limited. 
(A1N plate-like joined body) 

In Figs. 1 and 2, the A1N plate-like joined body 

10 of the invention has a junction structure in which two 
pieces of aluminum nitride sintered body plates 1-a and 
1-b are joined together without using the adhesive, and 
a metal layer 2 is existing on a portion of the 
junction interface P (see Fig. 2) . Though not 

15 illustrated, a through hole is formed in the sintered 
body plate 1-a or 1-b, and is filled with a conducting 
paste so as to be electrically conductive to the metal 
layer 2. The A1N plate-like joined body, usually, has 
a circular shape or a rectangular shape such as a 

20 square shape on a plane, and the metal layer 2 forms a 
circuit pattern such as electrode or heater in the 
application of a heater plate or an electrostatic 
chuck, and may exist simply all over as shown in Fig. 1 
or may exist as a linear pattern. 

25 Though there is no limitation, the metal layer 2 

is made of tungsten, molybdenum, platinum, titanium or 
copper and has a thickness of not larger than 20 \im 
and, particularly, in a range of 5 to 15 yim. It is 
further desired that the ratio occupied by the metal 

30 layer 2 is, usually, 50 to 90% and, particularly, about 
60 to about 80% relative to the junction surfaces of 
the sintered body plates 1-a and 1-b. 

The aluminum nitride sintered body plates 1-a and 
1-b of before being joined have thicknesses that are so 

35 determined that there will be obtained an A1N plate- 
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like joined body having a desired thickness. For 
example, the sintered body plates 1-a and 1-b may have 
the same thickness or different thicknesses. In 
general, it is desired that the sintered body plate on 
5 the side on where the semiconductor wafer is mounted 

has a thickness smaller than the thickness of the other 
side and that the thicknesses of the sintered body 
plates 1-a and 1-b are so determined that the depth of 
the metal layer 2 from the surface of the one sintered 

10 body plate (from the side on the side on where the 
wafer is placed) is from 0.1 to 50% of the total 
thickness of the plate-like joined body. The total 
thickness of the A1N plate-like joined body is, 
usually, 1 to 100 mm though it may vary to some extent 

15 depending upon the use. 

The A1N plate-like joined body of the invention is 
obtained by the junction through two steps of heating 
that will be described later without using adhesive 
while interposing the metal layer 2 between the 

20 aluminum nitride sintered body plates 1-a and 1-b, and 
exhibits characteristics as described below. 

Namely, the junction strength of the A1N plate- 
like joined body of the present invention can be 
evaluated in terms of the shearing strength measured by 

25 using a die-shear tester, and is 9.5 to 11.0 kg/mm 2 
and, particularly, 10.0 to 11.0 kg/mm 2 between the 
sintered body plates, and is 2.5 to 4.0 kg/mm 2 and, 
particularly, 3.0 to 4 . 0 kg/mm 2 between the sintered 
body plate and the metal layer. In the present 

30 invention, the joined body is constituted maintaining 
such a high junction strength and, hence, has a 
decreased interface relative to the material of a 
different kind (no adhesive layer exists) and permits 
the junction strength to be decreased little even after 

35 the repetitive thermal hysteresis as compared to the 



joined body prepared by using an adhesive. When the 
A1N plate-like joined body of the invention is 
subjected to the thermal hysteresis, for example, 100 
times by raising and lowering the temperature between 
5 25 °C and 350 °C, the shearing strength of the junction 
surface between the metal layer and the aluminum 
nitride sintered body is not smaller than 90% of the 
shearing strength of before the thermal hysteresis, 
which is a very favorable resistance against the 

10 thermal hysteresis. 

Further, the greatest feature of the A1N plate- 
like joined body of the invention resides in that the 
metal layer 2 is warped very little. Referring to Fig. 
3, the warping. (W) of the metal layer 2 is found by 

15 measuring a maximum distance (R; ]im) between the metal 
layer 2 and a line Z (dot-dash chain line) connecting 
the end points of the metal layer 2 on a cross section 
at right angles with the metal layer 2, and by dividing 
it by the length (T; mm) between the end points 

20 according to the following formula (2), 

W (iim/10 mm) = (R/T) x 10 (2) 

The A1N plate-like joined body of the invention is 
warped by 5 to 25 pm/10 mm and, particularly, by 10 to 
20 jjm/10 mm, featuring excellent property. 

25 Such an excellently low warping property is never 

accomplished with the conventional A1N plate-like 
joined body using the adhesive, but is accomplished for 
the first time relying upon a special junction 
technology based on two-step heating that will be 

30 described later. 

The joined body of the invention is realizing a 
low warping relying upon the special junction 
technology that will be described later. As 
illustrated in Fig. 2, therefore, the joined body of 

35 the present invention has a special junction structure 



in that a plurality of voids having an average length 
of 0.5 to 4 ]im are existing along the junction surface 
in the directly joined region where the sintered body 
plates are directly facing each other on the junction 
5 surface P as viewed. in cross section passing through 
the center 0 of the joined body. The voids are 
distributed over the whole directly joined region, and 
are having lengths L which are shorter than 5 ]im and 
having shapes close to a sphere. The ratio (L/Lp) of 
10 the length L along the direction of junction interface 
to the length Lp in a direction perpendicular to the 
junction interface is in a range of 0.8 to 2 and, 
particularly, 1.0 to 1.5 on average. In the A1N plate- 
like joined body of the present invention, the sintered 
15 body plates 1-a and 1-b are not partly joined due to 
the presence of voids. If the non- joined ratio Q is 
calculated at a plurality of given places in the above 
cross section according to the following formula (1), 

Non-joined ratio Q = (X/Y) x 100 * (1) 

20 where X is a length of the non-joined portion in 

the direction of junction interface expressed by 
the sum of lengths L of the voids existing in the 
directly joined region, and Y is a length of the 
directly joined region where the voids are 
25 existing, 

the value is in a range of from 0.1 to 0.5% and, 
particularly, from 0.2 to 0.4% on average. 

The size of the voids and the non- joined ratio can 
be measured by cutting the plate-like joined body in a 
30 manner that the side section appears and by observing 
the cut section by using an electron microscope. 
(Method of producing the A1N plate-like joined body) 

Described below is a method of producing the A1N 
plate-like joined body of the present invention having 
35 the above-mentioned structure. 
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According to this production method, A1N sintered 
plates are prepared in advance. Namely , two pieces of 
A1N sintered plates are joined together by heating 
without using adhesive with the metal layer sandwiched 
5 therebetween. If briefly described, a distinguished 
feature resides in that the junction by heating is 
effected through two steps of heating. Namely, the 
junction by heating through the first step is effected 
in a low-temperature region where the sintered body 
10 thermally expands relatively little. In this case, a 
partial co-sintering occurs between the sintered 
plates, and the two pieces of sintered plates are 
temporarily secured. The subsequent junction by 
heating through the second step is effected in a 
15 temperature region higher than that of the junction by 
heating through the first step. Namely, the co- 
sintering proceeds while maintaining the secured state 
due to the junction by heating through the first step, 
and a firmly joined portion is formed. 
20 By effecting the junction by heating through two 

steps, the partial co-sintering gradually proceeds to 
finally form a joined portion (directly joined region 
in Fig. 2) . Therefore, fine and nearly spherical voids 
remain between the co-sintered portions that have 
25 grown. Such voids are distributed nearly homogeneously 
maintaining the above-mentioned sizes over the whole 
joined portion. Non-joined portions are formed by the 
voids, and the non-joined ratio Q expressed by the 
above formula (1) lies within a predetermined range on 
30 the junction interface. Thus, the junction is 

accomplished without using an adhesive. The A1N plate- 
like joined body of the invention having the above 
junction structure features a high junction strength 
and resistance against the thermal hysteresis, and 
35 effectively suppresses the metal layer from warping. 
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Besides, since no adhesive is used, the grain boundary 
migration does not take place to a conspicuous degree, 
and the warping occurs little. 

When, for example, the junction by heating is 
5 effected through one step near a sintering temperature 
of the aluminum nitride sintered body, the non- joined 
portions remain as the junction proceeds. At the time 
of junction, however, the junction interface has a 
degree of freedom. In the step of cooling, therefore, 

10 the junction interface is secured at a relatively high 
temperature. After cooled, therefore, the joined body 
tends to be distorted and warped. Further, since the 
junction interface has a degree of freedom at the time 
of junction, the voids tend to be migrated or deformed; 

15 i.e., large voids exist in a deviated manner, or voids 
. exist much in a shape crushed in the direction of a 
plane (having a large length L in the direction of 
junction interface), whereby the non-joined ratio Q 
assumes a considerably large value resulting in a 

20 decrease in the junction strength and resistance 
against the thermal hysteresis. 

Preparation of the A1N sintered body plates 1-a and 1- 
- b. 

In this invention, the A1N sintered body plates to 
25 be joined by heating can be produced by a known method. 
For example, the powder for firing comprising the A1N 
powder is mixed together with an organic binder to 
prepare a molding material such as a powder for 
granulation or a paste. The molding material is molded 
30 into a sheet, and the binder is removed from the 

obtained green sheet followed by firing thereby to 
obtain the A1N sintered body plates. 

As required, the powder for firing may be added 
with an oxide of an alkaline earth metal such as Mg, Ca 
35 or Sr or an oxide of a rare earth element such as Y, as 
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a sintering assistant. The sintering assistant is 
added, usually, in an amount of not larger than 1% by 
weight and, particularly, not larger than 0.5% by 
weight. 

5 Further, though there is no particular limitation, 

the organic binder is, generally, polyvinyl butyral, 
polymethyl methacrylate, carboxymethyl cellulose, 
polyvinyl pyrrolidone, polyethylene glycol, 
polyethylene oxide, polyethylene, polypropylene, 

10 ethylene/vinyl acetate copolymer, polystyrene, or 

polyacrylic acid. The organic binder is used, usually, 
in an amount of 0.1 to 30 parts by weight per 100 parts 
by weight of the powder for sintering, though the 
amount may vary depending upon the kind thereof. 

15 In preparing the material for molding, further, 

there are used, as required, a dispersant such as long- 
chain hydrocarbon ether, a solvent such as toluene or 
ethanol, and a plasticizer such as phthalic acid in 
suitable amounts. 

20 The sheet for molding (green sheet) is prepared by 

using the above material for molding relying upon a 
known molding method such as extrusion molding method, 
doctor blade method or press molding method. 

The binder is removed by, usually, heating the 

25 green sheet in the air at a temperature of about 300 to 
about 900 °C, and the firing is effected by heating the 
green sheet from which the binder has been removed in 
an inert atmosphere (e.g., nitrogen atmosphere) at a 
temperature of 1700 to 1900 °C. The firing is, usually, 

30 conducted for a period of time until the relative 

density becomes not smaller than 98% as measured by the 
Archimedes' method. 

It is desired that the A1N sintered body plates 
obtained as described above are ground such that the 

35 surface roughness Ra (JIS B 0601) becomes 0.1 to 0.8 pm 
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and, preferably, 0.2 to 0.6 pm in order to enhance the 
adhesion between the metal layer 2 and the sintered 
plates and to obtain a sufficiently large junction 
strength by the junction by heating without using 
5 adhesive. 

Formation of the metal layer 2. 

A metal layer 2 is formed on either one of the A1N 
sintered body plate 1-a or 1-b prepared as described 
above. 

10 The metal layer 2 is formed by using, for example, 

the above-mentioned metal material to possess a 
predetermined thickness (not larger than 20 \im and, 
particularly, 5 to 15 jam) by such means as ion plating 
through a predetermined mask. The metal layer 2 can be 

15 further formed by applying a conductive paste onto the 
surface of the sintered body plate in a predetermined 
pattern followed by firing, the conductive paste being 
obtained by dispersing a metal material in a suitable 
organic binder or an organic solvent. 

20 Junction by heating. 

In the present invention, the two pieces of A1N 
sintered body plates prepared as described above (the 
metal layer 2 has been formed on one of them) are 
overlapped one upon the other in a manner that the 

25 metal layer 2 is sandwiched therebetween, and are 

joined by heating through two steps while being pressed 
with a pressure of 5 to 100 kg/cm 2 and, preferably, 10 
to 30 kg/cm 2 . The junction by heating can be effected 
in either the atmosphere or. in an inert atmosphere 

30 (nitrogen atmosphere) . From the standpoint of 
preventing the oxidation of the metal material, 
however, it is desired that the junction by heating is 
effected in the inert atmosphere. 

The junction by heating in the first step is 

35 conducted at a temperature of 1650 to 1700 °C and, 
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preferably, 1650 to 1680 °C for 0.5 to 4 hours and, 
preferably, for 1 to 2 hours. As described earlier, 
the junction by heating in this step is conducted in a 
low-temperature region where the A1N sintered body 
5 thermally expands relatively little, and the co- 
sintering partly occurs between the sintered body 
plates. Thus, the two pieces of sintered body plates 
are temporarily secured. If the junction by heating is 
discontinued in this step, therefore, the shearing 

10 strength in the region where the two pieces of sintered 
body plates are joined together is, usually, as 
considerably low as about 1.0 to about 4.0 kg/mm 2 . 

After the junction by heating in the first step, 
heating is effected in the second step while 

15 maintaining the pressure to thereby obtain the A1N 

plate-like joined body as desired. Here, the heating 
temperature is higher than 1700 °C but is not higher 
than 1800°C and, preferably, in a range of 1750 to 
1790 °C, and the heating time is 2 to 8 hours and, 

20 preferably, 4 to 6 hours. That is, in the heating in 
the second step, the co-sintering further proceeds to 
form the joined portion while maintaining the secured 
state due to the junction by heating in the first step. 
Therefore, voids are distributed in the region where 

25 two pieces of sintered body plates are directly joined 
together, and non-joined portions are occurring due to 
voids. The voids are nearly of a spherical shape which 
is considerably uniform and fine as a whole, and the 
non-joined ratio Q lies in a considerably small range 

30 maintaining a high junction strength. Besides, the 

warping of the metal layer 2 is effectively suppressed. 

In the junction by heating through the above two 
steps, when the heating temperature in the first step 
is higher than the above range, the metal layer 2 is 

35 greatly warped in the obtained plate-like joined body, 



and the joined body itself is greatly warped. The 
joined body obtained under the above conditions has a 
ratio of void lengths (L/Lp) which is considerably 
greater than that of the present invention generating 
much voids having a large length in the direction of 
junction interface and having a slender shape, and 
possesses a considerably large non-joined ratio Q and a 
very decreased junction strength. 

When the heating temperature of the first step is 
lower than the above range or when the heating time is 
shorter than the above range, the temporary securing is 
not sufficient. Therefore, large voids occur much, the 
non-joined ratio Q increases, the junction strength 
decreases, and warping occurs. When the heating time in 
the first step is longer than the above range, the 
metal forming the metal layer 2 diffuses into the 
sintered body plate. Therefore, the metal layer 2 is 
nonuniformly distributed in the joined plates which, 
therefore, cannot be favorably used as an electrostatic 
chuck or a plate heater for the apparatus for producing 
a semiconductor. 

Even when the heating temperature in the second 
step is higher than the above range, the metal forming 
the metal layer 2 diffuses into the sintered body 
plates; i.e., the metal layer 2 is distributed 
nonuniformly. 

When the heating temperature of the second step is 
lower than the above range, the co-sintered portion 
grows insufficiently and the junction strength is not 
obtained to a sufficient degree. In this case, the 
non-joined ratio Q assumes a very large value, as a 
matter of course. 

Even when the heating time in the second step is 
shorter than the above range, the co-sintered portion 
grows insufficiently and the junction strength 
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decreases. When the heating time is longer than the 
above range, the warping increases. 

The A1N plate-like joined body of the invention 
obtained by the junction in two steps is not warped, 
5 has the metal layer uniformly distributed in the joined 
plates, has a high junction strength and excellent 
resistance against the thermal hysteresis, lending 
itself very well for use as an electrostatic chuck or 
as a plate heater in an apparatus for producing a 
10 semiconductor. 
(EXAMPLES) 

Effects of the invention will now be described in 
further detail by way of Examples and Comparative 
Examples. Here, it should be noted that the invention 
15 is in no way limited to Examples described below. 

In Examples and Comparative Examples, measurements 
were taken in accordance with the methods described 
below. 

(1) Non-joined ratio Q. 

20 The A1N joined body was cut into four sections 

from the center O thereof toward the outer side at an 
angular distance of 90 degrees, and the interfaces of 
the sintered plates at the cut sections were 
continuously photographed by using a scanning type 

25 electron microscope (SEM) at a magnification of 600 
times. Relying upon this photograph, the length Ln 
along the junction interface (n = 1 to N; N is the 
total number of voids existing in the interface) was 
found for each of the voids existing in the junction 

30 interface where the sintered plates were directly 

joined to each other. The non-joined ratio Q was found 
for each of the cut sections in accordance with the 
following formula to obtain an average value thereof. 



35 
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Z L n 

Non-joined ratio Q (%) = x 100 

5 Y 

where Y is a total length of the directly joined 
region observed by using the SEM. 

(2) Ratio (L/Lp) of lengths of voids. 

On the cut sections, the length (L) of the void 
10 along the junction interface and length Lp in the 

direction perpendicular to the junction interface were 
measured to find a ratio (L/Lp) on average. 

(3) Measurement of warping (W) of the metal layer. 

The cut sections obtained by dividing the A1N 
15 plate-like joined body into two were measured for the 
remotest distance (R; \xm) of the metal layer from a 
line Z (dot-dash chain line) connecting the end points 
of the metal layer relying upon the length (T; mm) 
between the end points in compliance with the following 
20 formula (2), and the greatest value was expressed as 
the warping of the metal layer, 

W (pm/10 mm) = (R/T) x 10 (2) 

(4) Resistance against the thermal hysteresis. 

The A1N plate-like joined body was introduced into 
25 a thermal shock chamber (model TSC-103 (W) manufactured 
by Especk Co.), heated from 25 °C up to 350 °C over 30 
minutes and was, then, cooled down to 25 °C over 30 
minutes. This cycle of elevating and lowering the 
temperature was repeated 100 times to measure the 
30 shearing strength of the junction interface of the 

joined body before and after the thermal hysteresis, 
and resistance against the thermal hyesteresis was 
calculated according to the following formula, 

Resistance against the thermal hysteresis (%) = 
35 shearing 

strength after the thermal hysteresis x 100/ 
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shearing strength before the thermal 
hysteresis 
(Example 1) 

A metal layer (1.2 ym thick) was formed on one 
5 surface of an A1N sintered plate of a diameter of 40 mm 
and a thickness of 6 mm (SH-50 manufactured by Tokuyama 
Co., Y 2 0 3 : 0.02% by weight, surface roughness Ra: 0.4 
jam) by forming films of Ti of a thickness of 0.2 pm and 
of W of a thickness of 1 jam by the ion-plating method 

10 while covering the outer circumferential portion over a 
width of 5 mm with an aluminum mask. 

Next, another A1N sintered plate (SH-50) without 
forming the metal layer was overlapped on the above 
sintered plate forming the metal layer in such a manner 

15 that the metal layer was on the inside, and the plates 
were secured to a sample jig made of carbon, and were 
put into a hot-pressing furnace. Thereafter, the 
plates were held in a nitrogen stream heated at 1650 °C 
for 2 hours under a load of 300 kgf (pressure of 23.9 

20 kg/cm 2 ), and the temperature was elevated up to 1750°C 
at a rate of 10 °C /min. The plates were held at this 
temperature for 4 hours. Then, the temperature was 
cooled down to room temperature, and an A1N plate-like 
joined body was taken out from the furnace. 

25 The conditions for producing the A1N plate-like 

joined body and various characteristics were as 
illustrated in Tables 1 and 2. 

The warping W of the metal layer of the A1N plate- 
like joined body was 12 )am/10 mm, the shearing strength 

30 of the junction interface was 3.8 kgf /mm 2 on the 

interface including the metal layer and was 10 kgf/mm 2 
on the interface without containing the metal layer 
(interface where the sintered plates were directly 
joined together) , and resistance against the thermal 

35 hysteresis was 100%. The non-joined ratio Q was 0.2%, 
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the average length of voids in the direction of 
junction interface was 1.8 jam on average, and the ratio 
L/Lp of lengths of voids was 1.1 on average. 
(Example 2) 

5 A metal layer (1.2 jam thick) was formed on one 

surface of an A1N sintered plate of a diameter of 326 
mm and a thickness of 10 mm (the composition and the 
like were the same as those of Example 1) by forming 
films of Ti and W in the same manner as in Example 1. 

10 Then, the metal layer (Ti/W films) of a width of 17 mm 
from the outer circumference was removed by using a 
mixed solution of 5 vol% of hydrofluoric acid and 5 
vol% of nitric acid at a ratio of 1:1 while masking a 
region of a radius of 146 mm from the center of the 

15 metal layer. 

Next, another A1N sintered plate (SH-50) without 
forming the metal layer was overlapped on the above 
sintered plate in such a manner that the metal layer 
was on the inside, and the plates were secured to a 

20 sample jig made of carbon, and were put into a hot- 
pressing furnace. Thereafter, the plates were held in 
a nitrogen stream heated at 1690 °C for 2 hours under a 
load of 20 tf (pressure of 24.0 kg/cm 2 ), and the 
temperature was elevated up to 1790 9 C at a rate of 

25 3°C/min. The plates were held at this temperature for 
4 hours. Then, the temperature was cooled down to room 
temperature, and an A1N plate-like joined body was 
taken out from the furnace. 

The conditions for producing the A1N plate-like 

30 joined body and various characteristics were as 
illustrated in Tables 1 and 2. 

The warping W of the metal layer of the A1N plate- 
like joined body was 17 ym/10 mm, the shearing strength 
of the junction interface was 3.5 kgf/mm 2 on the 

35 interface including the metal layer and was 10 kgf/mm 2 
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on the interface without containing the metal layer 
(interface where the sintered plates were directly- 
joined together) , and resistance against the thermal 
hysteresis was 100%. 
5 The non- joined ratio Q was 0.2%, the average 

length of voids in the direction of junction interface 
was 2.4 \im on average, and the ratio L/Lp of lengths of 
voids was 1.2 on average. 
(Examples 3 to 5) 

10 A1N plate-like joined bodies were obtained by the 

same method as that of Example 1 by using the A1N 
sintered plates having the diameter and the thickness 
same as those of Example 1 but varying the conditions 
for junction by heating (holding temperature, holding 

15 time, load) . 

The conditions for producing the A1N plate-like 
joined bodies and various characteristics were as 
illustrated in Tables 1 and 2. 
(Example 6) 

20 An A1N plate-like joined body was obtained by 

forming metal layers of Ti (0.2 jam) and W (9 \im) on one 
surface of the same A1N sintered plate as that of 
Example 1 in the same manner as in Example 1 and by 
effecting the junction by heating under the same 

25 conditions as those of Example 1. 

The conditions for producing the A1N plate-like 
joined body and various characteristics were as 
illustrated in Tables 1 and 2. 

The warping W of the metal layer of the A1N plate- 

30 like joined body was 19 pm/10 mm, the shearing strength 
of the junction interface was 3.1 kg/mm 2 on the 
interface including the metal layer and was 10 kg/mm 2 
on the interface without containing the metal layer 
(interface where the sintered plates were directly 

35 joined together), and resistance against the thermal 
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hysteresis was 99%. The non- joined ratio Q was 0.2%, 
the average length of voids in the direction of 
junction interface was 3.8 \im on average, and the ratio 
L/Lp of lengths of voids was 1.2 on average. 
5 (Comparative Example 1) 

An A1N sintered plate forming a metal layer (Ti/W) 
on one surface thereof was prepared in quite the same 
manner as in Example 1 . 

Next, an A1N-Y 2 0 3 slurry (A1N: 100 parts by 
10 weight, Y 2 0 3 : 5 parts by weight, acrylic binder: 4 parts 
by weight, long-chain hydrocarbon ether-type 
dispersant: 0.5 parts by weight) was applied as an 
adhesive to the A1N sintered plate on which no metal 
layer had been formed. This A1N sintered plate was, 
15 then, overlapped on the above sintered plate in such a 
manner that the metal layer was on the inside, and the 
laminated plates were secured to a sample jig made of 
carbon and were put into a hot-pressing furnace. 

Thereafter, the plates were held in a nitrogen 
20 stream heated at 1650 °C for 2 hours under a load of 300 
kgf (pressure of 23.9 kg/cm 2 ) , and the temperature was 
elevated up to 1750 °C at a rate of 10°C/min. The 
plates were held at this temperature for 4 hours. 
Then, the temperature was cooled down to room 
25 temperature, and the plates were taken out from the 
furnace to obtain an A1N plate-like joined body that 
had been joined with an adhesive layer. 

The obtained A1N plate-like joined body had been 
apparently warped like a cup as viewed by naked eyes. 
30 The A1N plate-like joined body was ground for its 

surfaces to be flat. The warping of the metal layer 
was measured to be 297 iam/10 mm. Further, the shearing 
strength of the junction interface was measured to be 
2.0 kg/mm 2 on the interface including the metal layer 
35 and 6 kg/mm 2 on the interface without containing the 
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metal layer (interface where the sintered plates were 
directly joined together) , and resistance against the 
thermal hysteresis was 68%. Next, the non- joined ratio 
Q was found to be 21.1%, the average length of voids in 
the direction of junction interface was 6.5 \im on 
average, and the ratio L/Lp of lengths of voids was 4.8 
on average. 

(Comparative Example 2) 

An A1N plate-like joined body was obtained by the 
same method as that of Comparative Example 1 by using 
A1N sintered plates having the same diameter and 
thickness as those of Example 1 but varying the 
conditions for junction by heating (holding 
temperature, holding time, load) . 

The conditions for producing the A1N plate-like 
joined body and various characteristics were as 
illustrated in Tables 1 and 2. 
(Comparative Examples 3 to 9) 

A1N plate-like joined bodies were obtained by the 
same method as that of Comparative Example 1 by using 
A1N sintered plates having the same diameter and 
thickness as those of Example 1 but varying the 
conditions for junction by heating (holding 
temperature, holding time, load) . 

The conditions for producing the A1N plate-like 
joined bodies and various characteristics were as 
illustrated in Tables 1 and 2. 
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